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1
THERMOSTAT-CONTROLLED COOLANT
FLOW WITHIN A HEAT SINK

BACKGROUND

The power dissipation of integrated circuit chips, and the
modules containing the chips, continues to increase to facili-
tate continued increasing in processor performance. This
trend poses cooling challenges at the module and system
levels.

In many large server applications, processors along with
their associated electronics (e.g., memory, disk drives, power
supplies, etc.) are packaged in removable drawer configura-
tions stacked within an electronics rack or frame comprising
information technology (IT) equipment. In other cases, the
electronics may be in fixed locations within the rack or frame.
Typically, the components are cooled by air moving in paral-
lel airflow paths, usually front-to-back, impelled by one or
more air moving devices (e.g., fans or blowers). In some cases
it may be possible to handle increased power dissipation
within a single drawer or subsystem by providing greater
airflow, for example, through the use of a more powerful air
moving device or by increasing the rotational speed (i.e.,
RPMs) of an existing air moving device. However, this
approach is becoming problematic, particularly in the context
of'a computer center installation (i.e., data center).

The sensible heat load carried by the air exiting the rack is
stressing the capability of the room air-conditioning to effec-
tively handle the load. This is especially true for large instal-
lations with “server farms” or large banks of computer racks
located close together. In such installations, liquid-cooling is
an attractive technology to manage the higher heat fluxes. The
liquid absorbs the heat dissipated by the components/mod-
ules in an efficient manner. Typically, the heat is ultimately
transferred from the liquid to an outside environment,
whether air or other liquid.

BRIEF SUMMARY

In one aspect, certain shortcomings of the prior art are
overcome and additional advantages are provided through the
provision of a cooling apparatus which includes a coolant-
cooled heat sink, and a thermostat-controlled valve. The cool-
ant-cooled heat sink facilitates dissipation of heat generated
by one or more electronic components, and includes a cool-
ant-carrying channel and a valve well intersecting the cool-
ant-carrying channel. The thermostat-controlled valve, which
is disposed, at least partially, within the valve well, and inter-
sects the coolant-carrying channel, includes: a valve disk
rotatable between an open position where coolant is allowed
to flow through the coolant-carrying channel, and a closed
position where coolant is blocked from flowing through the
coolant-carrying channel; and a thermal-sensitive actuator
mechanically coupled to rotate the valve disk between the
open position and the closed position, dependent on heating
of the thermal-sensitive actuator by at least one electronic
component of the one or more electronic components.

In another aspect, a cooled electronic system is provided
which includes one or more electronic components, and a
cooling apparatus. The cooling apparatus comprises a cool-
ant-cooled heat sink, and multiple thermostat-controlled
valves. The coolant-cooled heat sink facilitates dissipation of
heat generated by the one or more electronic components, and
includes multiple coolant-carrying channels and multiple
valve wells intersecting the multiple coolant-carrying chan-
nels. The multiple thermostat-controlled valves are disposed,
at least partially, within the multiple valve wells. One ther-
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2

mostat-controlled valve intersects a respective coolant-carry-
ing channel of the multiple coolant-carrying channels, and
includes: a valve disk rotatable between an open position
where coolant is allowed to flow through the respective cool-
ant-carrying channel, and a closed position where coolant is
blocked from flowing through the respective coolant-carrying
channel; and a thermal-sensitive actuator mechanically
coupled to rotate the valve disk between the open position and
the closed position, dependent on heating of the thermal-
sensitive actuator by at least one electronic component of the
multiple electronic components.

In a further aspect, a method is provided which includes:
providing a coolant-cooled heat sink, the coolant-cooled heat
sink being configured to facilitate dissipation of heat gener-
ated by one or more electronic components, and comprising a
coolant-carrying channel and a valve well intersecting the
coolant-carrying channel; and providing a thermostat-con-
trolled valve disposed, at least partially, within the valve well
and intersecting the coolant-carrying channel. The thermo-
stat-controlled valve includes: a valve disk rotatable between
an open position, where coolant is allowed to flow through the
coolant-carrying channel, and a closed position where cool-
ant is blocked from flowing through the coolant-carrying
channel; and a thermal-sensitive actuator mechanically
coupled to rotate the valve disk between the open position and
the closed position, dependent on heating of the thermal-
sensitive actuator by the one or more electronic components.

Additional features and advantages are realized through
the techniques of the present invention. Other embodiments
and aspects of the invention are described in detail herein and
are considered a part of the claimed invention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

One or more aspects of the present invention are particu-
larly pointed out and distinctly claimed as examples in the
claims at the conclusion of the specification. The foregoing
and other objects, features, and advantages of the invention
are apparent from the following detailed description taken in
conjunction with the accompanying drawings in which:

FIG. 1 depicts one embodiment of a conventional raised
floor layout of an air-cooled data center;

FIG. 2 is a cross-sectional elevational view of one embodi-
ment of an electronics rack comprising multiple air-cooled
electronic systems, one or more of which may be modified to
include a cooling apparatus, in accordance with one or more
aspects of the present invention;

FIG. 3 is a front elevational view of one embodiment of a
liquid-cooled electronics rack comprising multiple electronic
systems, which may be cooled, at least in part, by a cooling
apparatus, in accordance with one or more aspects of the
present invention;

FIG. 4 is a schematic of one embodiment of an electronic
system of an electronics rack and one approach to liquid-
cooling of one or more electronic components within the
electronic system, wherein the one or more electronic com-
ponents are indirectly liquid-cooled by system coolant pro-
vided via one or more modular cooling units, for instance,
disposed within the electronics rack, in accordance with one
or more aspects of the present invention;

FIG. 5 is a schematic of one embodiment of a modular
cooling unit for a liquid-cooled electronics rack such as illus-
trated in FIGS. 3 & 4, in accordance with one or more aspects
of the present invention;

FIG. 6A is a schematic of one embodiment of a cooled
electronic system comprising a cooling apparatus, which
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includes a thermostat-controlled, coolant-cooled heat sink
coupled to one or more electronic components to be cooled, in
accordance with one or more aspects of the present invention;

FIG. 6B is an elevational view of a more detailed embodi-
ment of a cooled electronic system comprising a cooling
apparatus, in accordance with one or more aspects of the
present invention;

FIG. 6C is a plan view of one embodiment of the cold plate
base of the thermostat-controlled, coolant-cooled heat sink of
the cooling apparatus of FIG. 6B, in accordance with one or
more aspects of the present invention;

FIG. 6D is a partially exploded view of the cooling appa-
ratus embodiment of FIGS. 6B-6C, in accordance with one or
more aspects of the present invention;

FIG. 6E is a partial plan view of one thermostat-controlled
valve intersecting a coolant-carrying channel of the cold plate
base of FIGS. 6C & 6D, with the valve shown in a fully closed
position, in accordance with one or more aspects of the
present invention;

FIG. 6F depicts the thermostat-controlled valve of FIG. 6E,
with the valve shown in a fully open position, in accordance
with one or more aspects of the present invention;

FIG. 6G is a partial cross-sectional elevational view of the
cooling apparatus of FIG. 6C, taken along line 6G-6G
thereof, in accordance with one or more aspects of the present
invention;

FIG. 6H is a bottom plan view of one embodiment of the
thermostat-controlled valve of the cooling apparatus of FIGS.
6B-6G, showing one implementation of the thermal-sensitive
actuator, and a portion of the valve disk of the thermostat-
controlled valve, in accordance with one or more aspects of
the present invention; and

FIG. 6l is a top plan view of one embodiment of the ther-
mal-sensitive actuator of FIG. 6H, shown positioned within a
respective valve well of the cold plate base of the coolant-
controlled heat sink, in accordance with one or more aspects
of the present invention.

DETAILED DESCRIPTION

As used herein, the terms “electronics rack”, “rack”, and
“rack unit” are used interchangeably, and unless otherwise
specified include any housing, frame, rack, compartment,
blade server system, etc., having one or more heat-generating
components of a computer system, electronic system, or
information technology equipment, and may be, for example,
a stand-alone computer processor having high-, mid- or low-
end processing capability. In one embodiment, an electronics
rack may comprise a portion of an electronic system, a single
electronic system, or multiple electronic systems, for
example, in one or more sub-housings, blades, books, draw-
ers, nodes, compartments, etc., having one or more heat-
generating electronic components disposed therein. An elec-
tronic system(s) within an electronics rack may be movable or
fixed, relative to the electronics rack, with rack-mounted elec-
tronic drawers and blades of a blade center system being two
examples of electronic systems (or subsystems) of an elec-
tronics rack to be cooled.

“Electronic component™ or “component” refers to any heat
generating component of, for example, a computer system or
other electronics unit requiring cooling. By way of example,
an electronic component may comprise one or more inte-
grated circuit dies and/or other electronic devices to be
cooled, including one or more processor dies, memory dies or
memory support dies. As a further example, the electronic
component may comprise one or more bare dies or one or
more packaged dies disposed on a common carrier. Further,
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4

unless otherwise specified herein, the terms “liquid-cooled
cold plate”, or “coolant-cooled cold plate” refer to any ther-
mally conductive structure having one or more channels or
passageways formed therein for flowing of liquid-coolant
therethrough.

As used herein, a “liquid-to-liquid heat exchanger” may
comprise, for example, two or more coolant flow paths,
formed of thermally conductive tubing (such as copper or
other tubing) in thermal or mechanical contact with each
other. Size, configuration and construction of the liquid-to-
liquid heat exchanger can vary without departing from the
scope of the invention disclosed herein. Further, “data center”
refers to a computer installation containing one or more elec-
tronics racks to be cooled. As a specific example, a data center
may include one or more rows of rack-mounted computing
units, such as server units.

One example of facility coolant and system coolant is
water. However, the concepts disclosed herein are readily
adapted to use with other types of coolant on the facility side
and/or on the system side. For example, one or more of these
coolants may comprise a brine, a dielectric liquid, a fluoro-
carbon liquid, a liquid metal, or other similar coolant, or a
refrigerant, while still maintaining the advantages and unique
features of the present invention.

Reference is made below to the drawings (which are not
drawn to scale to facilitate an understanding of the various
aspects of the present invention), wherein the same reference
numbers used throughout different figures designate the same
or similar components.

As shown in FIG. 1, in a raised floor layout of an air-cooled
data center 100 typical in the prior art, multiple electronics
racks 110 are disposed in one or more rows. A computer
installation such as depicted in FIG. 1 may house several
hundred, or even several thousand microprocessors. In the
arrangement of FIG. 1, chilled air enters the computer room
via floor vents from a supply air plenum 145 defined between
the raised floor 140 and a base or sub-floor 165 of the room.
Cooled airis taken in through louvered covers at air inlet sides
120 of the electronics racks and expelled through the backs,
i.e., air outlet sides 130, of the electronics racks. Each elec-
tronics rack 110 may have one or more air-moving devices
(e.g., fans or blowers) to provide forced inlet-to-outlet air
flow to cool the electronic components within the drawer(s)
of'the rack. The supply air plenum 145 provides conditioned
and cooled air to the air-inlet sides of the electronics racks via
perforated floor tiles 160 disposed in a “cold” aisle of the
computer installation. The conditioned and cooled air is sup-
plied to plenum 145 by one or more air conditioning units
150, also disposed within data center 100. Room air is taken
into each air conditioning unit 150 near an upper portion
thereof. This room air may comprise (in part) exhausted air
from the “hot” aisles of the computer installation defined by
opposing air outlet sides 130 of the electronics racks 110.

FIG. 2 is an elevational representation of one embodiment
of an electronics rack 110, shown comprising a plurality of
electronic systems 201, which (in the embodiment illus-
trated), are a least partially air-cooled by cool air 202 ingress-
ing via louvered air inlet side 120, and exhausting out lou-
vered air outlet side 130 as hot air 203. Electronics rack 110
also includes one or more bulk power assemblies 204; for
instance, one or more AC-t0-DC power supply assemblies.
The AC-t0-DC power supply assemblies may include, in one
embodiment, a frame controller, which may be resident in
bulk power assembly 204 and/or in one or more electronic
systems 201. Each electronic system 201 includes, in one
example, one or more processors and associated memory.
Also illustrated in FIG. 2 is one or more input/output (I/O)
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drawer(s) 205, which may also include a switch network. [/O
drawer(s) 205 may include, for example, PCI card slots and
disk drivers for the electronics rack.

A three-phase AC source feeds power via an AC power
supply line cord 206 to bulk power assembly 204, which
transforms the supplied AC power to an appropriate DC
power level for output via distribution cable 207 to the plu-
rality of electronic systems 201 and /O drawer(s) 205. The
number of electronic systems installed in the electronics rack
is variable and depends on customer requirements for a par-
ticular system. Further, the configuration of the bulk power
assembly is variable and may be determined, in one imple-
mentation, by the number of electronic systems installed in
the electronics rack, or more particularly, by the power
requirements of the common load of the electronics rack
being fed by the power assembly.

FIG. 3 depicts one embodiment of a liquid-cooled electron-
ics rack 300 comprising a cooling apparatus, such as a cooling
apparatus disclosed herein. In one embodiment, liquid-
cooled electronics rack 300 comprises a plurality of elec-
tronic systems 310, which may be processor or server nodes
(in one embodiment). A bulk power assembly 320 is disposed
atan upper portion of liquid-cooled electronics rack 300, and
two modular cooling units (MCUs) 330 are positioned in a
lower portion of the liquid-cooled electronics rack for pro-
viding system coolant to the electronic systems. In the
embodiments described herein, the system coolant is
assumed to be water or an aqueous-based solution, by way of
example only.

In addition to MCUs 330, the cooling apparatus depicted
includes a system coolant supply manifold 331, a system
coolant return manifold 332, and manifold-to-node fluid con-
nect hoses 333 coupling system coolant supply manifold 331
to electronic subsystems 310 (for example, to cold plates
disposed within the systems) and node-to-manifold fluid con-
nect hoses 334 coupling the individual electronic systems 310
to system coolant return manifold 332. Each MCU 330 is in
fluid communication with system coolant supply manifold
331 via arespective system coolant supply hose 335, and each
MCU 330 is in fluid communication with system coolant
return manifold 332 via a respective system coolant return
hose 336.

Heat load of the electronic systems 310 is transferred from
the system coolant to cooler facility coolant within the MCU’s
330 provided via facility coolant supply line 340 and facility
coolant return line 341 disposed, in the illustrated embodi-
ment, in the space between raised floor 145 and base floor
165.

FIG. 4 schematically illustrates one cooling approach
using the cooling apparatus of FIG. 3, wherein a liquid-
cooled cold plate 400 is shown coupled to an electronic com-
ponent 401 of an electronic system 310 within the liquid-
cooled electronics rack 300. Heat is removed from electronic
component 401 via system coolant circulating via pump 420
through liquid-cooled cold plate 400 within the system cool-
ant loop defined, in part, by liquid-to-liquid heat exchanger
421 of modular cooling unit 330, hoses 335, 336 and cold
plate 400. The system coolant loop and modular cooling unit
are designed to provide coolant of a controlled temperature
and pressure, as well as controlled chemistry and cleanliness
to the electronic systems. Furthermore, the system coolant is
physically separate from the less controlled facility coolant in
lines 340, 341, to which heat is ultimately transferred.

FIG. 5 depicts a more detailed embodiment of a modular
cooling unit 330. As shown in FIG. 5, modular cooling unit
330 includes a facility coolant loop, wherein building chilled,
facility coolant is provided (via lines 340, 341) and passed
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through a control valve 520 driven by a motor 525. Valve 520
determines an amount of facility coolant to be passed through
heat exchanger 421, with a portion of the facility coolant
possibly being returned directly via a bypass orifice 535. The
modular cooling unit further includes a system coolant loop
with a coolant reservoir 540 from which system coolant is
pumped, either by pump 550 or pump 551, into liquid-to-
liquid heat exchanger 421 for conditioning and output
thereof, as cooled system coolant to the electronics rack to be
cooled. Each modular cooling unit is coupled to the system
supply manifold and system return manifold of the liquid-
cooled electronics rack via the system coolant supply hose
335 and system coolant return hose 336, respectively.

As noted above, as component density within electronic
systems (such as servers) continues to increase to achieve
increased performance, heat generated by these more
densely-packed components may necessitate liquid cooling
of the components in certain cases. As increasingly more
electronic component heat load is dissipated employing, for
instance, coolant-cooled cold plates or heat sinks, the total
liquid flow rate at the electronic system level, and at the
electronics rack level, increases. Energy efficiency is an
important consideration for electronics rack and electronic
system designs, whether air-cooled or liquid-cooled, and
increased coolant flow rates within a rack or system increase
the energy used of the cooling system. To address this issue,
the cooled electronic systems and cooling apparatuses
described herein incorporate thermostat-controlled valves,
which independently implement analog flow rate control
based on heat dissipated by one or more associated electronic
components. The valves dynamically adjust (e.g., minimize)
coolant flow required by the cooling system(s). Advanta-
geously, the thermostat-controlled valves disclosed herein are
analog in nature, and do not require any active sensor-based
technology, which necessarily would introduce complexity
and possible failure modes, resulting in lower reliability than
the analog or passive valves presented.

Generally stated, disclosed herein is a cooled electronic
system, and cooling apparatus, which includes (for instance)
a coolant-cooled heat sink and one or more thermostat-con-
trolled valves. The coolant-cooled heat sink facilitates dissi-
pation of heat generated by one or more electronic compo-
nents, and includes one or more coolant-carrying channels
and one or more valve wells intersecting the one or more
coolant-carrying channels. The thermostat-controlled
valve(s), which is disposed, at least partially, within a respec-
tive valve well in the heat sink, and intersects a respective
coolant-carrying channel, includes a valve disk and a ther-
mal-sensitive actuator mechanically coupled to rotate the
valve disk. The valve disk is rotatable between an open posi-
tion, where coolant is allowed to flow across the valve disk
and through the coolant-carrying channel, and a closed posi-
tion, where coolant is blocked from flowing across the valve
disk and through the coolant-carrying channel. The thermal-
sensitive actuator mechanically, incrementally rotates the
valve disk between the open position and the closed position,
dependent on heating of the thermal-sensitive actuator by the
one or more electronic components.

More particularly, disclosed herein, in one aspect, is an at
least partially liquid or coolant-cooled electronic system or
assembly, wherein one or more electronic components are
thermally coupled to a coolant-cooled heat sink, such as a
cold plate base of the heat sink. The electronic component(s)
is cooled by conduction of heat from the component through
the cold plate base to coolant flowing through one or more
coolant-carrying channels within the heat sink. Where mul-
tiple coolant-carrying channels are provided within the heat
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sink, the channels may be parallel coolant flow channels
disposed to cool the cold plate (for instance, the cold plate
base) in the vicinity of the electronic components to be
cooled. At least one of the coolant-carrying channels, and in
a specific embodiment, each of the coolant-carrying chan-
nels, has an associated thermostat-controlled valve disposed
within a valve well which intersects that coolant-carrying
channel. The thermostat-controlled valve autonomously,
independently controls coolant flow through the associated
coolant-carrying channel(s) of the coolant-cooled heat sink.
In one embodiment, the thermostat-controlled valve includes:
a valve disk rotatable between an open position and a closed
position; and a thermal-sensitive actuator mechanically
coupled to rotate the valve disk, such as a coiled actuator
attached at one end to the coolant-cooled heat sink, and at
another end to the valve disk.

In one embodiment, the one or more coolant-carrying
channels are designed to align, at least partially, over one or
more electronic components to be cooled, and each coolant-
carrying channel may have an associated thermostat-con-
trolled valve intersecting therewith and disposed, in one
embodiment, within a respective valve well in the coolant-
cooled heat sink over (or in close proximity to) the electronic
component(s) being cooled.

In one implementation, the valve disk comprises a coolant
channel that extends thereacross, and in the open position, the
coolant channel substantially aligns to an axis of the respec-
tive coolant-carrying channel of the coolant-cooled heat sink,
and in the closed position, the coolant channel of the valve
disk is rotated away from and misaligned to the axis of the
respective coolant-carrying channel of the coolant-cooled
heat sink. Where there are multiple valves for multiple cool-
ant-carrying channels, the thermostat-controlled valves are
independent points of control, and the associated valve disks
are automatically, passively incrementally adjusted between
the open and closed positions, dependent on temperature of
the associated thermal-sensitive actuator that is mechanically
coupled to rotate the particular valve disk.

As temperature of the associated electronic component(s)
increases, the valve disk and thermal-sensitive actuator oper-
ate to automatically increase the coolant flow cross-sectional
opening through the thermostat-controlled valve relative to
the coolant-carrying channel of the heat sink; and as compo-
nent temperature decreases, to automatically, passively
reduce, and ultimately close off coolant flow, across the ther-
mostat-controlled valve, and thus through the channel. In one
embodiment, the thermal-sensitive actuator comprises a
coiled actuator made of a length of thermally conductive
material with a relatively high coefficient of thermal expan-
sion (CTE), for instance, >20 microns per meter Kelvin. The
coiled actuator expands or contracts as the component tem-
perature changes, causing the valve disk to rotate and autono-
mously, passively adjust the coolant flow cross-sectional
opening (i.e., flow passageway size) relative to the coolant-
carrying channel, and thus adjust the coolant flow across the
thermostat-controlled valve to allow increased or decreased
coolant flow through the coolant-carrying channel, based on
heat load of the associated electronic component(s).

In one specific embodiment, the coiled actuator comprises
a manganese-bronze foil of length 1 meter or greater, which
increases in length responsive to increased temperature (gov-
erned by the material property’s CTE), and decreases in
length responsive to decreased temperature. The coiled actua-
tor has one end, for instance, an outer end, mechanically
coupled or attached to the cold plate base at the outer diameter
of'the coiled actuator (i.e., at the largest coil), and another end,
for instance an inner end mechanically coupled or attached to
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the valve disk at the inner diameter of the coiled actuator (e.g.,
at the smallest coil), such that a change in foil length respon-
sive to temperature causes a relative rotation of the disk, and
the associated coolant channel of the disk relative to the
coolant-carrying channel of the cold plate base rotates,
thereby controlling the coolant flow cross-sectional opening
at the thermostat-controlled valve relative to the coolant-
carrying channel. The valve disk and thermal-sensitive actua-
tor are disposed, in one embodiment, within the cold plate
base within a valve well (or recess) which intersects the
coolant-carrying channel, and is closely sized to the outer
diameter of the coiled actuator. In other embodiments, differ-
ent coiled actuator materials may be employed. For instance,
beryllium-copper-25 might be used. The actuator material is,
in one embodiment, a metal, since the cooling of the compo-
nent under the thermostat will be a function of the thermal
conductivity of the actuator material. In alternate arrange-
ments, where (for instance) the component is roughly the size
of'a valve spindle, or where a larger valve is created such that
the component heat load can travel through the valve disk
without disruption from the actuator, higher CTE materials,
such as polymers, could be considered. One possible polymer
might comprise nylon.

By way of example only, FIGS. 6 A-61 depict one detailed
embodiment of a cooled electronic system, and cooling appa-
ratus, in accordance with one or more aspects of the present
invention.

Referring to FIG. 6A, a schematic of one embodiment of a
cooled electronic system, generally denoted 600, is illus-
trated. Cooled electronic system 600 includes an electronic
system 601, comprising one or more electronic components
(not shown) and a coolant-cooled heat sink 610 coupled to the
electronic system 601. Coolant-cooled heat sink 610 includes
acoolantinlet 611 and a coolant outlet 612 for facilitating the
passage of a coolant, such as the above-described system
coolant, therethrough. As discussed below, coolant-cooled
heat sink 610 includes one or more coolant-carrying channels
which, in accordance with one or more aspects of the present
invention, have associated therewith one or more thermostat-
controlled valves configured to automatically manipulate the
coolant flow passageway through the valve relative to the
coolant-carrying channel, and thus coolant flow through the
coolant-carrying channel of the heat sink, based on heat being
dissipated by the one or more electronic components to which
the thermostat-controlled valve is coupled via, for instance,
thermal conduction.

FIG. 6B depicts an elevational view of a more specific
embodiment of a cooled electronic system 600, comprising a
coolant-cooled heat sink 610 in thermal communication with
multiple electronic components 602 to be cooled. As illus-
trated, coolant-cooled heat sink 610 includes a cold plate base
620 and a cover 625. In one implementation, cold plate base
620 and cover 625 are each fabricated of a thermally conduc-
tive material, such as a metal. As illustrated in the plan view
of FIG. 6C, cold plate base 620 may comprise (in one embodi-
ment) a coolant inlet manifold 621 and a coolant outlet mani-
fold 622 in fluid communication with coolant inlet 611 and
coolant outlet 612, respectively. At least one, and in the illus-
trated embodiment, multiple coolant-carrying channels 623
are provided in the base plate which define parallel coolant
flow paths between coolant inlet manifold 621 and coolant
outlet manifold 622.

In the embodiment of FIG. 6C, multiple thermostat-con-
trolled valves 630 are disposed, at least partially, within
respective valve wells 624 (see FIG. 6D) defined within, for
instance, cold plate base 620 of coolant-cooled heat sink 610.
In the depicted embodiment, each valve well has an associ-
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ated thermostat-controlled valve disposed (at least partially)
therein so as to intersect the respective coolant-carrying chan-
nel. Note, however, that this embodiment is provided by way
of'example only. More or less than three (3) coolant-carrying
channels may be defined within the heat sink, any one of
which may have associated therewith a thermostat-controlled
valve, such as described herein, to control the coolant flow
through that coolant-carrying channel. For instance, in a heat
sink comprising a plurality of coolant-carrying channels, one
or more may have a respective intersecting valve well and
associated thermostat-controlled valve disposed therein.
Thus, certain coolant-carrying channels may have automated
flow control as described herein, while others may lack auto-
mated flow control, depending on the implementation. The
embodiment depicted herein is particularly advantageous in a
low-power environment, where the thermostat-controlled
valves automatically shut off substantially all coolant flow
through the heat sink, thereby enhancing energy efficiency by
allowing for reduced pumping of coolant within the electron-
ics rack or system.

As illustrated in the partially exploded view of FIG. 6D,
thermostat-controlled valve 630 includes, in one embodi-
ment, a valve disk 631 and a thermal-sensitive actuator 633
mechanically coupled to rotate valve disk 631 based upon, for
instance, temperature of one or more associated electronic
components (see FIG. 6B) thermally coupled to cold plate
base 620. Valve disks 631 each include a coolant channel 632,
which may have a similar or different cross-sectional flow
area as the associated and intersected coolant-carrying chan-
nel 623 in cold plate base 620. Rotational orientation of valve
disk 631, and thus coolant channel 632, is controlled via
thermal-sensitive actuator 633, which in one embodiment is a
coiled actuator comprising a coiled length of material with a
high coefficient of thermal expansion. For instance, a coil of
copper or a manganese-bronze alloy foil could be employed.
One end of the coil is affixed to the cold plate base, and the
other end is affixed to the valve disk. With changing tempera-
ture, the coiled actuator experiences either an increasing or
decreasing in length proportional to the product of its coeffi-
cient of thermal expansion (CTE), original length, and the
temperature change, which causes relative motion between
the valve disk and heat sink base, and causes the flow channel
cross-sectional opening relative to the respective coolant-
carrying channel in the heat sink base to vary.

As illustrated in FIG. 6E, when thermostat-controlled
valve’s 630 associated electronic component(s) (not shown)
temperature is well below typical operating temperature, for
example, 25° C., the coolant channel 632 of valve disk 631 is
rotated away from the axis 627 of the associated coolant-
carrying channel 623, which (in the depicted example) disal-
lows coolant flow through coolant-carrying channel 623.
Conversely, when the electronic component(s) temperature is
at or above a typical operating temperature (for example, 75°
C.), then the coolant channel 632 in valve disk 631 substan-
tially aligns with the center axis 627 of coolant-carrying
channel 623 in cold plate base 620. This alignment allows
coolant flow to pass across the thermostat-controlled valve,
and thus, through the associated coolant-carrying channel,
thereby assisting in cooling the one or more associated elec-
tronic components thermally coupled to the heat sink. Note
that in this example, there is a continuum of positions that
valve disk 631 may occupy between the closed position illus-
trated in FIG. 6E and the open position illustrated in FIG. 6F.
That is, dependent on the temperature of the one or more
associated electronic components, valve disk 631 may be
only partially rotated away from axis 627 of the associated
coolant-carrying channel 623, in which case, partial coolant
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flow across the thermostat-controlled valve 630 may occur,
allowing for some liquid-based cooling of the one or more
associated electronic components. The thermostat-controlled
valve disclosed herein is an autonomous, analog (i.e., passive)
implementation, wherein the valve itself inherently adjusts
along a continuum between closed and opened, and the rota-
tional orientation of the valve disk automatically controls the
cross-sectional coolant flow opening or area presented by the
valve disk relative to the coolant-carrying channel.

As illustrated in the cross-sectional elevational view of
FIG. 6G, coolant-cooled heat sink 610 includes a valve well
624 (or pocket) in cold plate base 620, within which a respec-
tive thermostat-controlled valve 630 is disposed. The valve
well, and thus the thermostat-controlled valve, is positioned
within the cold plate base so as to be aligned, in one example,
over one or more electronic components 602 to be cooled.
The valve wells (or pockets) are each sized and configured to
house a respective thermostat-controlled valve, which in the
embodiment described herein, includes a valve disk 631 and
an associated thermal-sensitive actuator 633. As illustrated in
FIG. 6G, valve disk 631 includes a coolant channel 632,
which aligns, or partially or fully misaligns, with the central
axis of the respective coolant-carrying channel with which
the thermostat-controlled valve is associated, dependent on
heat being generated by the underlying electronic
component(s) 602. The valve well is sized and the thermal-
sensitive actuator is mechanically coupled to rotate valve disk
631. Forinstance, as illustrated in FIGS. 6H & 61, one end 636
at an inner diameter 640 of the coiled actuator 633 may be
disposed within a slot 638 in a central portion 637 of disk
valve 631. As illustrated, this central portion extends into the
central opening in the coiled, thermal-sensitive actuator 633.
Note also that, as illustrated in FIG. 6H, the central portion
637 of valve disk 631 is spaced from the inner coil 640 of the
coiled actuator 633.

Similarly, as illustrated in FIGS. 6G & 61, the outer diam-
eter 641 of coiled actuator 633 may comprise an end, such as
atab, 634 which resides in a slot 635, or is otherwise secured
or affixed to cold plate base 620 of the heat sink. Note that in
FIG. 61, only the coiled actuator 633 is shown disposed within
and is closely sized to the respective valve well of the cold
plate base 620.

Referring to FIGS. 6G, 6H and 61, and as described above,
the coiled actuator is affixed or secured at one end, e.g., at the
outer diameter, to the cold plate base, and at another end, for
instance, at the inner diameter, to the valve disk, wherein
heating or cooling of the actuator 633 will cause thermal
expansion or contraction of the actuator, and thereby rotating
of the valve disk with respect to the cold plate base. In one
example, the thermal-sensitive actuator is a manganese-
bronze alloy coil, witha CTE of 21.2x107° mn/K, 0.125 mm
in thickness, and 0.127 mm in height, coiled, for instance, 92
times for an overall length of 1.493 meters. The coil in this
example would have an outer diameter 641 of approximately
30 mm, corresponding (in one embodiment) to the diameter
of the disk 631, and the outer coil would be mechanically
affixed to the cold plate base 620, as noted. The inner diameter
640 of the coiled actuator at 25° C. would be approximately
6.89 mm, and the end of the inner coil is mechanically affixed
to a feature 638 on the valve disk 631. The assembled valve at
25°C. would be closed, as shown in FIG. 6E, and when heated
to (forinstance) 75° C., increases its length by approximately
1.59 mm, rotating the valve disk just over 24° (6.4 mm of arc
length at the outside diameter of the disk), aligning the valve’s
coolant channel to the coolant-carrying channel of the cold
plate base, and allowing maximum coolant flow across the
valve and through the coolant-carrying channel.
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The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprise” (and any form of
comprise, such as “comprises” and “comprising”), “have”
(and any form of have, such as “has” and “having”), “include”
(and any form of include, such as “includes” and “includ-
ing”), and “contain” (and any form contain, such as “con-
tains” and “containing”) are open-ended linking verbs. As a
result, amethod or device that “comprises”, “has”, “includes”
or “contains” one or more steps or elements possesses those
one or more steps or elements, but is not limited to possessing
only those one or more steps or elements. Likewise, a step of
a method or an element of a device that “comprises”, “has”,
“includes” or “contains” one or more features possesses those
one or more features, but is not limited to possessing only
those one or more features. Furthermore, a device or structure
that is configured in a certain way is configured in at least that
way, but may also be configured in ways that are not listed.

The corresponding structures, materials, acts, and equiva-
lents of all means or step plus function elements in the claims
below, if any, are intended to include any structure, material,
or act for performing the function in combination with other
claimed elements as specifically claimed. The description of
the present invention has been presented for purposes of
illustration and description, but is not intended to be exhaus-
tive or limited to the invention in the form disclosed. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the invention. The embodiment was chosen and
described in order to explain the principles of the invention
and the practical application, and to enable others of ordinary
skill in the art to understand the invention through various
embodiments and the various modifications thereto which are
dependent on the particular use contemplated.

What is claimed is:

1. A cooling apparatus comprising:

a coolant-cooled heat sink, the coolant-cooled heat sink
facilitating dissipation of heat generated by one or more
electronic components, and comprising a thermally con-
ductive element coupled to the one or more electronic
components and defining, at least in part, a coolant-
carrying channel, the thermally conductive element
including a cylindrical-shaped bore intersecting the
coolant-carrying channel and extending into the ther-
mally conductive element towards the one or more elec-
tronic components; and

a thermostat-controlled valve disposed, at least partially,
within the cylindrical-shaped bore, the thermostat-con-
trolled valve comprising:

a valve disk rotatable between an open position where
coolant is allowed to flow through the coolant-carry-
ing channel, and a closed position where coolant is
blocked from flowing through the coolant-carrying
channel, the valve disk being a flat disk residing
within the cylindrical-shaped bore and intersecting
the coolant-carrying channel; and

athermal-sensitive actuator mechanically coupled to the
valve disk to rotate the valve disk between the open
position and the closed position, dependent on heat-
ing of the thermal-sensitive actuator by at least one
electronic component of the one or more electronic
components, the thermal-sensitive actuator being dis-
posed within the cylindrical-shaped bore in the ther-
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mally conductive element between the one or more
electronic components and the coolant-carrying
channel.

2. The cooling apparatus of claim 1, wherein the coolant-
cooled heat sink is configured to couple to the one or more
electronic components, and wherein the cylindrical-shaped
bore with the thermostat-controlled valve disposed, at least
partially, therein, is aligned over the at least one electronic
component of the one or more electronic components.

3. The cooling apparatus of claim 1, wherein the coolant-
cooled heat sink comprises a cold plate base and a cover, the
cold plate base comprising the thermally conductive element,
and wherein the valve disk and the thermal-sensitive actuator
are both disposed within the cylindrical-shaped bore in the
cold plate base, the thermal-sensitive actuator comprising a
coiled actuator disposed within the cylindrical-shaped bore,
below the coolant-carrying channel and the valve disk.

4. The cooling apparatus of claim 1, wherein the coolant-
cooled heat sink comprises multiple coolant-carrying chan-
nels and multiple cylindrical-shaped bores intersecting the
multiple coolant-carrying channels, each cylindrical-shaped
bore intersecting a respective coolant-carrying channel of the
multiple coolant-carrying channels; and

wherein the cooling apparatus further comprises multiple

thermostat-controlled valves, each thermostat-con-
trolled valve being disposed, at least partially, within a
respective cylindrical-shaped bore of the multiple cylin-
drical-shaped bores, wherein the multiple thermostat-
controlled valves separately control coolant flow
through the multiple coolant-carrying channels of the
coolant-cooled heat sink.

5. The cooling apparatus of claim 1, wherein the valve disk
comprises a coolant channel extending thereacross, and
wherein in the open position, the coolant channel of the valve
disk substantially aligns to an axis of the coolant-carrying
channel of the coolant-cooled heat sink, and in the closed
position, the coolant channel of the valve disk is rotated away
from and misaligned to the axis of the coolant-carrying chan-
nel of the coolant-cooled heat sink.

6. The cooling apparatus of claim 1, wherein the valve disk
defines a variable coolant flow cross-sectional opening with
reference to the coolant-carrying channel, dependent on the
rotational orientation thereof, as controlled by the thermal-
sensitive actuator.

7. The cooling apparatus of claim 1, wherein the thermal-
sensitive actuator comprises a coiled actuator disposed within
the cylindrical-shaped bore, below the coolant-carrying chan-
nel and the valve disk, the coiled actuator being secured at one
end to the coolant-cooled heat sink, and at another end to the
valve disk.

8. The cooling apparatus of claim 7, wherein the one end of
the coiled actuator comprises an outer end at an outer diam-
eter of the coiled actuator, and the another end of the coiled
actuator comprises an inner end at an inner diameter of the
coiled actuator.

9. The cooling apparatus of claim 7, wherein the coiled
actuator comprises a coiled foil material with an uncoiled
length greater than one meter.

10. The cooling apparatus of claim 1, wherein the thermal-
sensitive actuator comprises a coiled actuator fabricated of a
manganese-bronze alloy.

11. A cooled electronic system comprising:

one or more electronic components; and

a cooling apparatus, the cooling apparatus comprising:

a coolant-cooled heat sink, the coolant-cooled heat sink
facilitating dissipation of heat generated by the one or
more electronic components, and comprising a ther-
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mally conductive element coupled to the one or more
electronic components and defining, at least in part,
multiple coolant-carrying channels, the thermally
conductive element including multiple cylindrical-
shaped bores, each cylindrical-shaped bore intersect-
ing a respective coolant-carrying channel of the mul-
tiple coolant-carrying channels, and each cylindrical-
shaped bore extending into the thermally conductive
element toward the one or more electronic compo-
nents; and
multiple thermostat-controlled valves disposed, at least
partially, within the multiple cylindrical-shaped
bores, one thermostat-controlled valve of the multiple
thermostat-controlled valves comprising:
avalve disk rotatable between an open position where
coolant is allowed to flow through the respective
coolant-carrying channel, and a closed position
were coolant is blocked from flowing through the
respective coolant-carrying channel, the valve disk
being a flat disk residing within a respective cylin-
drical-shaped bore and intersecting a respective
coolant-carrying channel of the multiple coolant-
carrying channels; and
a thermal-sensitive actuator mechanically coupled to
the valve disk to rotate the valve disk between the
open position and the closed position, dependent
on heating of the thermal-sensitive actuator by at
least one electronic component of the one or more
electronic components, the thermal-sensitive
actuator being disposed within the respective cylin-
drical-shaped bore in the thermally conductive ele-
ment between the one or more electronic compo-
nents and the respective coolant-carrying channel.
12. The cooled electronic system of claim 11, wherein each
thermostat-controlled valve of the multiple thermostat-con-
trolled valves is disposed, at least partially, within a respective
cylindrical-shaped bore of the multiple cylindrical-shaped
bores, and intersects a respective coolant-carrying channel of
the multiple coolant-carrying channels, and each thermostat-
controlled valve of the multiple thermostat-controlled valves
comprises:
a valve disk rotatable between an open position where
coolant is allowed to flow through the respective cool-
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ant-carrying channel, and a closed position where cool-
ant is blocked from flowing through the respective cool-
ant-carrying channel; and

athermal-sensitive actuator mechanically coupled to rotate

the valve disk between the open position and the closed
position, dependent on heating of the thermal-sensitive
actuator by at least one electronic component of the one
or more electronic components.

13. The cooled electronic system of claim 11, wherein the
coolant-cooled heat sink comprises a cold plate base and a
cover, the cold plate base comprising the thermally conduc-
tive element, and wherein the one thermostat-controlled valve
is disposed within the respective cylindrical-shaped bore in
the cold plate base, and the thermal-sensitive actuator com-
prises a coiled actuator disposed within the respective cylin-
drical-shaped bore, below the coolant-carrying channel.

14. The cooled electronic system of claim 11, wherein the
valve disk comprises a coolant channel extending there-
across, and wherein in the open position, the coolant channel
of'the valve disk substantially aligns to an axis of the respec-
tive coolant-carrying channel of the coolant-cooled heat sink,
and in the closed position, the coolant channel of the valve
disk is rotated away from and misaligned to the axis of the
coolant-carrying channel of the coolant-cooled heat sink.

15. The cooled electronic system of claim 11, wherein the
valve disk defines a variable coolant flow cross-sectional
opening with reference to the respective coolant-carrying
channel, dependent on the rotational orientation thereof, as
controlled by the thermal-sensitive actuator.

16. The cooled electronic system of claim 11, wherein the
thermal-sensitive actuator comprises a coiled actuator dis-
posed within the respective cylindrical-shaped bore of the
multiple cylindrical-shaped bores, below the respective cool-
ant-carrying channel and the valve disk, the coiled actuator
being secured at one end to the coolant-cooled heat sink, and
at another end to the valve disk.

17. The cooled electronic system of claim 16, wherein the
one end of the coiled actuator comprises an outer end at an
outer diameter of the coiled actuator, and the another end of
the coiled actuator comprises an inner end at an inner diam-
eter of the coiled actuator.
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